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What isWhat is BioassessmentBioassessment??
An aquaticAn aquatic bioassessmentbioassessment consists of determconsists of determiining whether the numbersning whether the numbers ToleranceTolerance vavalluesues areare singsingllee valuesvalues thatthat summarizesummarize thethe iimportantmportant

and types of organand types of organiisms in a water bodysms in a water body ((llake, stream, or estuaryake, stream, or estuary) differ from) differ from charactercharacteriisticsstics of a spof a specieeciess--envenviroironnmentment rerelationslationshhiip (Figure 2).p (Figure 2). 
those that are expected.those that are expected. BioassessmentBioassessment is used frequentlyis used frequently toto evaluateevaluate
attainment of designated life uses. In addition to determiningattainment of designated life uses. In addition to determining biologicalbiological
condition, biologists are increasingly called upon to use theircondition, biologists are increasingly called upon to use their data to  make adata to  make a
determination of the causes of impairment in different streams.determination of the causes of impairment in different streams. InvertebratesInvertebrates
are frequently used inare frequently used in bioassessmentbioassessment, and estimates of the tolerance or, and estimates of the tolerance or 
sensitivity of different species to different stressors providessensitivity of different species to different stressors provides a basis for makinga basis for making
such diagnoses.such diagnoses. 

What are Tolerance Values?What are Tolerance Values?
MacroinvertebrateMacroinvertebrate taxataxa can be classified in terms of their sensitivity orcan be classified in terms of their sensitivity or

tolerance to anthropogenic disturbance. One of the most commonltolerance to anthropogenic disturbance. One of the most commonly ussedy u ed 
sets of tolerance values was derived by Hilsenhoffsets of tolerance values was derived by Hilsenhoff11 based on observedbased on observed
responses to a gradient of organic pollution.responses to a gradient of organic pollution.
11 W..lW..l.. HilsenhoffHilsenhoff 1987. An improved biotic index of organic stream pollution. Gre1987. An improved biotic index of organic stream pollution. Great Lakes Entomologist 20:31at Lakes Entomologist 20:31--3939

Will Tolerance Values Work in the Western States?Will Tolerance Values Work in the Western States?
Although tolerance values have been successfully applied to asseAlthough tolerance values have been successfully applied to assess thess the

condition of streams in the Midwest and Eastern United States, tcondition of streams in the Midwest and Eastern United States, their use inheir use in
the Western United States is currently limited by two factors: dthe Western United States is currently limited by two factors: different speciesifferent species 
are typically collected in the West, and stressors other than orare typically collected in the West, and stressors other than organic pollutionganic pollution 
are often important. We therefore need to derive tolerance valuare often important. We therefore need to derive tolerance values fores for 
westernwestern taxataxa..

How are Tolerance Values Derived?How are Tolerance Values Derived?
The probability of observing a particular species varies acrossThe probability of observing a particular species varies across differentdifferent 

environmental gradients, and theseenvironmental gradients, and these speciesspecies--environment relationshipsenvironment relationships can becan be
derived from field observations (Figure 1).derived from field observations (Figure 1). 
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Figure 2. Tolerance values (shown as solid circles) for Heterlimnius (left plot) and Malenka 
(right plot). Here, the tolerance value is defined as the point along the envHere, the tolerance value is defined as the point along the environmentalironmental 

adient here the p obabilit  observ ng the species is maxgrgr ww rr y ofy of ii imimized. Other toleranceized. Other tolerance 
value definitions include integrated averages and cumulative pervalue definitions include integrated averages and cumulative percentiles of the speciescentiles of the species--
environment relations.environment relations.

Using tolerance values, different species can be designated as sensitive or 
tolerant to a particular anthropogenic stressor. Then, at a site where we 
wish to diagnose the causes of impairment, we can compute different 
tolerance metrics (e.g. the relative abundance of tolerant taxa) based on 
the observed assemblage of organisms. To determine the likely causes of 
impairment at a site, tolerance metrics can be compared to expectations. 
In Figure 3, comparisons between sediment and temperature tolerance 
metric values and expectations suggest that sediment is the likely source of 
impairment for this test site. 
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Figure 3. Comparisons of  sediment (left) and temperature (right) tolerance metric values at a test 
site (solid triangle).  Values are plotted for proportion of taxa that are sensitive (PTAX.SEN) or 
tolerant (PTAX.TOL), and relative abundance of sensitive taxa (RABN.SEN) and tolerant taxa 
(RABN.TOL). Expected metric values derived from least-impacted reference sites are shown as 
box and whisker plots. 

FY03 RARE Tolerance Values Workshop Outcomes:FY03 RARE Tolerance Values Workshop Outcomes:
In February 2004, the US EPA anIn February 2004, the US EPA andd tthe Council of Statehe Council of State 

Governments, with funding through the Region 9 RARE (RegionalGovernments, with funding through the Region 9 RARE (Regional
Applied Research Effort) Program and ORD NCEA (National Center fApplied Research Effort) Program and ORD NCEA (National Center foror
Environmental Assessment), convened a workshop of biologists froEnvironmental Assessment), convened a workshop of biologists fromm 
western state agencies, EPA and academia to review methods thatwestern state agencies, EPA and academia to review methods that areare
currently available for deriving and applying tolerance classificurrently available for deriving and applying tolerance classifications.cations. 
The workshop resulted in the following conclusions:The workshop resulted in the following conclusions:

•• ToTolerleraance vnce vaalluues canes can disdisccrimrimiinatenate betbetweweenen differedifferent tnt tyyppees ofs of 
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anthropogenic stress.
fferent derivation methods produce equall  defensible tolerancee 

classifications.classifications. 
•• DDii                                                                  yy  

pends stron•• ThThe che choicoicee of derof deriivvation metation methhoodd ddee                   gly upon how thegly upon how the 
tolerance classifications will be used for assessment.tolerance classifications will be used for assessment. 

•• ExistExistiinngg statestate water quwater quaalitlityy prprogrograamms (30s (303d, 33d, 30055bb, perm, permiittinttingg aanndd 
restoration) will benefit greatly from the availability of improrestoration) will benefit greatly from the availability of improvedved 
tolerance classifications.tolerance classifications. 
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Temperature Temperature What are the Next Steps?What are the Next Steps?
Figure 1. Relationships between probability of capture and temperature for Heterliminius (left plot) and Malenka 
(right plot).  Solid lines: mean response determined by maximum likelihood estimation. Dotted lines: Estimated 
90% confidence limits. Each open circle represents the average occurrence probability in approximately ten 
samples surrounding the indicated temperature. 

USEPA will publish a technical report (USEPA will publish a technical report (The Derivation andThe Derivation and 
Application ofApplication of MacroinvertebrateMacroinvertebrate Tolerance ValuesTolerance Values) in early 2005.) in early 2005. 
Future research is planned that will be funded by the Regional MFuture research is planned that will be funded by the Regional Methodsethods 
program.program. 
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